Recent successful clinical trials have led to or likely lead to the regulatory approval of several molecular targeted agents for first-and second-line treatment of hepatocellular carcinoma (HCC), including multikinase inhibitors, lenvatinib, regorafenib and cabozantinib, as well as immune checkpoint inhibitors nivolumab and pembrolizumab [1] [2] [3] [4] [5] . However, objective response rates to these agents are only 20% at maximum and patient survival benefit is no more than a few months despite the high cost of the drugs. A recent simulation-based analysis has reported that regorafenib treatment for advanced-stage HCC patients is not cost-effective with an incremental cost-effectiveness ratio (ICER) of $224,396 per quality-adjusted life year gained, which far exceeds the widely accepted incremental cost-effectiveness ratio cutoff of $50,000 [6] . Given that only small proportion of the patients respond to each therapy, it is critical to identify potential responders to avoid prescribing the drugs to patients who will not benefit from the treatment and enable cost-effective patient management [7] . However, no biomarker of drug response is available for any of the approved drugs for HCC to date.
finding was subsequently confirmed in a Phase III trial (REACH-2 trial, NCT02435433), although it is unclear why AFP-positive HCC tumors respond to the drug.
While the studies underscore difficulty in verifying the molecular mechanism of drug action in an actual clinical setting, these empirical observations support the notion that a subset of HCC cells or tumors harboring certain functional pathway dysregulations, preferentially respond to a specific drug.
Molecular intertumor heterogeneity as potential guide for individualized HCC therapy
Genome-wide molecular profiling of clinical HCC tissues has identified heterogeneous molecular aberrations across the tumors, many of which are shared by subgroup of tumors and form molecular subtypes of HCC tumors [7] . A meta-analysis of transcriptome profiles from multiregional, multiracial and ethnic patient cohorts identified aggressive and indolent molecular subtypes of HCC tumors [13] . A subset of the aggressive tumors are characterized by overexpression of stemness marker genes and proteins such as EPCAM, activation of specific oncogenic pathways such as Myc and Akt pathways, and accompanied with high serum AFP levels (S2 subtype) compared with other tumors. AFP-negative aggressive tumors are more frequently accompanied with immune cell infiltrates (S1 subtype) [14, 15] . Presence of the subtypes has been confirmed in independent studies utilizing multiomics datasets such as coding/noncoding transcriptome, genetic mutation and epigenome profiles [8, 16] . From the molecular subtype perspective, ramucirumab may elicit anti-HCC effect through some of the molecular pathways specifically dysregulated in the AFP-expressing subtype.
It could be challenging to unequivocally elucidate how the mechanism of a molecular targeted agent kills HCC cells, given the highly complex genomic aberrations and tumor microenvironment in clinical HCC. However, identifying such subtype-specific drug response may have a significant clinical utility by enabling clinical trials enriched for certain subtype, which is more prevalent than somatic DNA mutations in druggable genes [7] . Such subtype-enriched clinical trial will indeed substantially reduce the number of subjects to be enrolled (up to fourfold reduction), while achieving sufficient statistical power to detect expected therapeutic benefit in clinical trials [14] . In fact, such subtype-based management has been successfully utilized in other cancer types such as HER2-positive gastric cancer and estrogen receptor-positive breast cancer.
Molecular subtype-guided preclinical drug discovery
Studies have shown that global transcriptome profiles classify human HCC cell lines into two groups according to AFP expression levels [17] . Furthermore, the two subgroups mimic transcriptional dysregulation observed in either or the AFP-positive (S2) or negative (S1) HCC subtypes [17] . Of note, these subgroups of HCC cell lines show a distinct response to molecular targeted agents. For example, a small molecule Src/Abl kinase inhibitor, dasatinib, showed more preferential killing of the S1-like cell lines, whereas MYC pathway-activated S2-like cell lines showed higher sensitivity to a small molecule BET bromodomain inhibitor, (+)-JQ1, which has anti-MYC activity [17, 18] . These studies suggest that the panel of HCC cell lines can be used to screen compounds with subtype-specific efficacy like ramucirumab. Other in vitro systems, such as patient-derived cell lines and patient-derived xenografts, may also be used for similar application with determination of the molecular subtype of each tumor line at baseline as well as for potential change over time after the drug treatment [19, 20] . Molecular subtype-specific drug effect can be indeed monitored in in vivo HCC models [21] .
Intratumor heterogeneity may complicate therapeutic decision making Clinically, it is well known that an HCC tumor nodule often presents a nodule-in-nodule appearance with histologically distinct subcomponents [14] . Interestingly, histological variants represented by each subcomponent (e.g., a micro-or macro-trabecular pattern, clear cell appearance, pseudoglandular pattern and steatohepatitic appearance) are correlated with presence of the molecular HCC subtypes [14] . This finding was confirmed in independent studies from Europe and Asia [15, 22] . Furthermore, finer resolution analyses, down to single celllevel, for example, have revealed intratumor heterogeneity in genetic aberrations, transcriptional and epigenetic dysregulation, protein abundance and stemness marker gene expression, which can be utilized to infer the path of clonal evolution and origin for each tumor cell population [23] . Characterization of infiltrating immune cells provides another layer of information to determine comprehensive landscape of intratumor heterogeneity [15] .
In the clinical setting, such intratumor heterogeneity, specifically presence of multiple tumor cell populations with distinct molecular targets, likely obscures therapeutic strategy with the use of selective molecular targeted agents. Moreover, accurate and sensitive detection of the molecular aberrations will be critical to avoid therapeutic decision making based on false negative detection of the targeted molecular features. The major logistical challenge has been the lack of access to HCC tissue specimens in daily clinical care of the patients with advanced-stage HCC subjected to medical therapies. Body fluid-based assessment, so-called liquid biopsy, of tumor-derived biomolecules such as circulating tumor cells (CTC), cell-free DNA, and exosomal noncoding RNA may provide access to the information without relying on acquisition of tissue [24] . However, recent studies have noted several major limitations that should be addressed to clarify their real clinical utility and specific scenarios of application. For example, detected circulating tumor cells populations can significantly vary according to the sites of blood sampling [25] . Sensitivity of circulating cell-free DNA-based detection of somatic DNA mutations found in tissue is less than 50% even with deep sequencing of targeted genes [24] . In addition, these biomolecules may be released into bloodstream from specific subpopulation of tumor cells that are prone to die, reside closely to vascular systems, or have other properties, and therefore may not serve as representative readout of a whole tumor nodule. Even in tissue-based assessment, only limited portion of a tumor nodule is analyzed. Imaging-based assessment may overcome the hurdle by noninvasively capturing the information of intratumor heterogeneity throughout an entire nodule. Quantitative analysis of mutiparametric MRI can be used to evaluate intratumor heterogeneity in an HCC nodule, which is correlated with expression of therapeutically relevant genes such as FGFR4 and PDCD1 [26] . Pretreatment contrast-enhanced CT texture parameters was associated with prognosis after sorafenib treatment [27] .
Conclusion & future perspective
'One-size-fits-all' medical therapy yields limited patient survival benefit despite the high drug costs. The ever expanding capability to molecularly characterize inter-and intratumor heterogeneity is expected to facilitate development of rational and individualized treatment strategies in HCC. However, detection sensitivity and specificity of body fluid-or imaging-based modalities should be improved to support clinical decision making and enable clinical trials enriched for possible responders to targeted agents. Recent observations in Phase III clinical trials suggest that subtype-targeted therapy may be a viable option of medical therapy in advanced HCC, like other cancer types. Experimental models of the HCC subtype may assist development of subtype-targeted medical therapies in HCC. 
